Summary. Subcritical instabilities in small gap Taylor-Couette (TCF) problem are studied numerically when both cylinders rotate in opposite directions. The computations are carried out for a radius ratio η = ri/ro = 0.883. A first exploration is focused on the study of spiral flows originated from subcritical Hopf bifurcations of the basic circular Couette solution. The second exploration addresses the transition from laminar flow to the usually termed as spiral turbulence regime characterized by alternating laminar and turbulent spiral bands which coexist even in regions of the parameter space where the circular Couette flow is linearly stable.
Formulation
In TCF, an incompressible fluid of kinematic viscosity ν and density is contained between two concentric rotating cylinders whose inner and outer radii and angular velocities are r * i , r * o and Ω i , Ω o respectively. The dimensionless parameters are the radius ratio η = r * i /r * o and the inner and outer Reynolds numbers R i = dr * i Ω i /ν and R o = dr * o Ω o /ν of the cylinders. All variables are rendered dimensionless using the gap d = r * o − r * i and viscous time d 2 /ν as units for space and time, respectively. The dynamics of the flow is controlled by the incompressible Navier-Stokes equations
In nondimensional cylindrical coordinates (r, θ, z) , the basic circular Couette flow
is the aspect ratio of the computational box. Arbitrary perturbations u of the base flow, v = v B + u, are expanded in a solenoidal spectral Fourier-Galerkin basis 
Subcritical equilibria from modal instabilities of Couette flow
The first exploration has consisted of a comprehensive numerical exploration of secondary finite amplitude solutions using Newton-Krylov methods embedded within arclength continuation schemes. Two different families of rotating waves have been identified: short axial wavelength subcritical spirals ascribed to centrifugal mechanisms and large axial scale supercritical spirals and ribbons associated with shear dynamics in the outer linearly stable radial region. As shown in Fig. 1a , all the spiral regimes originate from the circular Couette flow at Hopf bifurcations, some of them of subcritical nature. Their instability is clearly related to centrifugal mechanisms and their axial wavelength is consistent and M. Avila A. Meseguer , F. Mellibovsky, F. Marques,
